The title compound, C 10 H 13 Cl 2 NO 2 ÁC 6 H 4 Cl 2 O, was formed from the incomplete Mannich condensation reaction of 3-aminopropan-1-ol, formaldehyde and 2,4-dichlorophenol in methanol. This resulted in the formation of a co-crystal of the zwitterionic Mannich base, 2,4-dichloro-6-{ [(3-hydroxypropyl) azaniumyl]methyl}phenolate and the unreacted 2,4-dichlorophenol. The compound crystallizes in the monoclinic crystal system (in space group Cc) and the asymmetric unit contains a molecule each of the 2,4-dichlorophenol and 2,4-dichloro-6-{[(3-hydroxypropyl)azaniumyl]methyl}phenolate. Examination of the crystal structure shows that the two components are clearly linked together by hydrogen bonds. The packing patterns are most interesting along the b and the c axes, where the co-crystal in the unit cell packs in a manner that shows alternating aromatic dichlorophenol fragments and polar hydrogen-bonded channels. The 2,4-dichlorophenol rings stack on top of one another, and these are held together by -interactions. The crystal studied was refined as an inversion twin.
Chemical context
The Mannich condensation is an important reaction in synthetic organic chemistry. The formation of the C-N bond in the resulting Mannich base is often an important step in the biosynthesis of several natural products, such as alkaloids and flavanoids (Sarhan et al., 2006) . Amino-phenolic ligands have versatile applications in inorganic as well as analytical chemistry. The flexible C-N bond in these ligands offers a tractable three-dimensional structure when coordinated to different metal centres (Riisiö et al., 2012) . This provides numerous applications, particularly in enzyme mimicking and catalysis, as well as extraction of trace metals (Maurya et al., 2015; Riisiö et al., 2013; Lee et al., 2010) . In the present study, we wanted to prepare a tripodal amino (bis) phenolate Mannich base derived from 3-propanol-1-amine, formaldehyde and 2,4-dichlorophenol. The reaction was performed following conventional bench-top techniques by heating a solution of the reactants in methanol (Sopo et al., 2006) . However, probably because of the poor solubility, the dipodal product precipitated out from the incomplete reaction mixture. The dipodal product, 2,4-dichloro-6-{[(3-hydroxypropyl)-azaniumyl]methyl}phenolate is stabilized by extensive intraas well as intermolecular hydrogen bonding and thus exists as a zwitterion. The zwitterion co-crystallized with the unreacted phenol, resulting in the serendipitous isolation of the title compound. 
Structural commentary
The title compound crystallizes in the monoclinic crystal system, in the space group Cc. The molecular structure of the title compound is shown in Fig. 1 , and the asymmetric unit comprises a molecule of both 2,4-dichlorophenol and 2,4-dichloro-6-{[(3-hydroxypropyl)azaniumyl]methyl}phenolate, held together by hydrogen bonds.
A complete geometrical analysis using the Mogul geometry check tool (Bruno et al., 2004) within Mercury (Macrae et al., 2008) did not show any unusual bond lengths or bond angles. The torsion angles of the complete azaniumylphenolate chain (specifically C7-N1-C8-C9-C10-O2) deviate significantly from planarity (Table 1) . This can be attributed to the hydrogen bonds in this environment (see below).
The organic Mannich base exists as a zwitterion with the negative charge of phenolate being stabilized by the positively charged ammonium moiety. This is corroborated by the fact that the phenolic oxygen-carbon bond is slightly shorter [O1-C1 = 1.322 (4) Å ] than the corresponding bond in the free 2,4-dichlorophenol [O1B-C1B = 1.355 (4) Å ], indicating partial double-bond character and the presence of a phenoxide moiety in the zwitterion fragment. The ammonium nitrogen atom adopts a slightly distorted tetrahedral geometry.
Supramolecular features
The co-crystal structure displays an extensive hydrogenbonding network ( Table 2 ). The zwitterion, 2,4-dichloro-6-{[(3-hydroxypropyl)azaniumyl]methyl}phenolate, is involved in intra-as well as intermolecular hydrogen bonding. The ammonium hydrogen H1B takes part in a bifurcated intramolecular hydrogen bond, N1-H1BÁ Á ÁO1 and N1-H1BÁ Á ÁO2, forcing the propyl chain of the zwitterion to adopt a distorted gauche conformation with an N1-C8-C9-C10 torsion angle of 64.5 (3) . The other ammonium hydrogen, H1A, is involved in intermolecular hydrogen bonding with the negatively charged O atom of an adjacent zwitterion [d(H1AÁ Á ÁO1) = 1.76 Å ], extending the hydrogen bonding into an infinite network. The two components of the co-crystal are also bonded together by intermolecular hydrogen bonds between the phenolic proton of 2,4-dichlorophenol and the alcoholic oxygen of the zwitterion [d(H1BAÁ Á ÁO2) = 1.82 Å ]. These hydrogen bonds give rise to interesting graph-set patterns, which are depicted in Fig. 2 . The two intramolecular self-motifs of S 1 1 (6) are generated as a result of the bifurcation involving H1B, while the zwitterion interacts with a second zwitterion generating a large ring motif with the graph-set R 2 2 (16). The packing arrangement of the co-crystal involves alternating hydrophobic layers of the aromatic dichlorophenol rings and the hydrogen-bonded polar channels. These layers stack one over the other along the c-axis direction and also propagate along the a-axis direction, thereby resulting in a research communications Table 1 Selected torsion angles ( ).
Table 2 Hydrogen-bond geometry (Å , ). 
Figure 2
Molecular structure of the zwitterionic part of the co-crystal depicting the selected hydrogen-bonding graph sets. H atoms not involved in hydrogen bonding have been omitted for clarity and hydrogen bonds are drawn with red dashed lines.
Figure 1
Molecular structure of the title compound showing the numbering scheme and related hydrogen-bonding interactions. Displacement ellipsoids are shown at the 50% probability level and hydrogen bonds are drawn with red dotted lines.
ladder-like structure network (Figs. 3 and 4) . The presence of the glide plane in the ac plane of the crystal causes the packing to appear like a regular mirror image (Fig. 4) . As a result of the nature of the packing arrangement in the crystal structure, it was possible to measure the ring centroid to ring centroid distance between the dichlorophenol rings of the adjacent layers; this distance was found to be in the range 4.045 (17)-4.056 (19) Å (Fig. 5) . The layers are stacked in this manner as a result of extensive -interactions between the phenyl rings. A detailed list of the relevant -interactions is given in Table 3 .
Database survey
A search of the Cambridge structural database (Version 5.40, February 2019 updates; Groom et al., 2016) for the zwitterionic Mannich base, 2,4-dichloro-6-{[(3-hydroxypropyl)azaniumyl]-methyl}phenolate gave no hits. Search parameters that included 2,4-dichlorophenol and other relevant starting materials as well as the co-crystal resulted in only four hits, with one being the crystal structure of 2,4-dichlorophenol itself (DCPHOM; Bavoux & Perrin, 1979) ; the second hit was a clathrate containing 2,4-dichlorophenol as a guest molecule within the cavities of zinc tetraphenylporphyrin molecules (JIVNOR; Byrn et al., 1991) , and the third and fourth hits were found to be two three-component co-crystal solvates [EVEYUB (Cai et al., 2016) and ZISJUI (Cai & Jin, 2014) ] containing H-atom-bridged 2,4-dichlorophenolate/2,4-dichlorophenol units held together by O-HÁ Á ÁN and O-HÁ Á ÁO hydrogen bonds. Of all the hits found in the CSD, none of the structures is reported to have any -interactions between the phenyl rings, whereas the title compound has these types of interactions. However, a database search for the alcoholamine fragment, NH 2 (+)-(CH 2 ) 3 -OH, gave seven hits. Two of these, GIPHIX (Bü ttner et al., 2007) and EPANUF (Pestov et al., 2010) , also involved intramolecular hydrogen bonding resulting in S 1 1 (6) graph sets, as also seen in the title compound.
Synthesis and crystallization
The starting materials, comprising of 3-aminopropan-1-ol, formaldehyde and 2,4-dichlorophenol were purchased from Sigma Aldrich and used as received without any purification. Packing diagram of the title compound viewed down the c axis, depicting an apparent regular mirror image resulting from the glide plane in the ac plane.
Figure 5
Partial packing arrangement of the title compound showing theinteraction between the 2,4-dichlorophenol hydrophobic layers. Figure 3
Packing diagram of the title compound viewed down the b axis, clearly showing the hydrogen-bonded polar channels and the 2,4-dichlorophenol hydrophobic layers.
0.81 g) in methanol under stirring. A solution of 2,4-dichlorophenol (10 mmol, 1.63 g) in methanol was added to the above mixture to afford a clear solution. The resulting solution was stirred at room temperature for two days to yield an oily solution. The oil was dissolved in diethyl ether and a few drops of methanol were added to the solution. The solution was then cooled in a refrigerator to obtain diffraction-quality single crystals.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . All carbon-bound H atoms were placed in calculated positions and refined using a riding-model approximation, with C-H = 0.95-1.00 Å and U iso (H) = 1.2U eq (C). H atoms bonded to N or O atoms were located from difference-Fourier electron-density maps and were also refined using a riding-model approximation with N-H bond distances of 0.89-0.91 Å and O-H = 0.84 Å with U iso (H) = 1.5U eq (N,O). The atom H1A was restrained by DFIX in SHELX to be at a distance of 0.88 (2) Å from N1 and by the SADI command to be equidistant from C7 and C8 ( = 0.02 Å ), so as to inhibit too much movement of this H atom during the refinement. The structure was also refined as an inversion twin, but low coverage of Friedel pairs in the data precludes the reliable determination of the absolute structure. All related structure and refinement checks were carried out with PLATON (Spek, 2009). 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component inversion twin. 
